Simian immunodeficiency virus (SIV) persistence in wild populations of African nonhuman primates (NHPs) may occur through horizontal and vertical transmission. However, the mechanism(s) and timing of the latter type of transmission have not been investigated to date. Here we present the first study of SIV transmissibility by breast-feeding in an African NHP host. Six mandrill dames were infected with plasma containing 300 50% tissue culture infective doses of SIVmnd-1 on the day after delivery. All female mandrills became infected, as demonstrated by both plasma viral loads (VLs) and anti-SIVmnd-1 seroconversion. Neither fever nor lymphadenopathy was observed. At the peak of SIVmnd-1 viral replication (days 7 to 10 postinoculation), plasma VLs were high (8 ؋ 10 6 to 8 ؋ 10 8 RNA copies/ml) and paralleled the high VLs in milk (4.7 ؋ 10 4 to 5.6 ؋ 10 5 RNA/ml). However, at the end of the breast-feeding period, after 6 months of follow-up, no sign of infection was observed for the offspring. Later on, during a 4-year follow-up examination, two of the offspring showed virological evidence of SIVmnd-1 infection. Both animals seroconverted at least 6 months after the interruption of lactation. In conclusion, despite extensive viral replication in mandrill mothers and high levels of free virus in milk, no SIVmnd-1 transmission was detectable at the time of breast-feeding or during the following months. Since we observed a markedly lower expression of CCR5 on the CD4 ؉ T cells of young mandrills and African green monkeys than on those of adults, we propose that low levels of this viral coreceptor on CD4 ؉ T cells may be involved in the lack of breast-feeding transmission in natural hosts of SIVs.
Pathogenic human immunodeficiency virus (HIV) and simian immunodeficiency virus (SIV) infections of humans and macaques are characterized by the invariable progression to AIDS in a variable time frame (25) . The hallmarks of this infection are as follows: (i) continuous depletion of CD4 ϩ T cells in peripheral blood (6, 23) and at the mucosal sites (7, 34) ; (ii) continuous viral replication (26, 51, 68) , in which set point viral load (VL) levels are predictive of the progression to AIDS (24, 32, (35) (36) (37) ; and (iii) high levels of immune activation (20, 64) , the magnitude of which is also predictive of disease progression (20, 64) .
In contrast, natural SIV infection of numerous African nonhuman primate (NHP) hosts, including mandrills, African green monkeys (AGMs), and sooty mangabeys (SMs), usually does not progress to AIDS and is characterized by (i) high prevalences in the wild for most species (1, 4, 29, 50, 52, 57) ; (ii) an active viral replication, with set point levels similar to or even higher than those reported for pathogenic infection (40, 41, 44, (47) (48) (49) (59) (60) (61) ; (iii) a transient depletion of CD4 ϩ T cells in peripheral blood during the primary infection, with a rebound to near preinfection levels during the chronic stage (41, 44, 47, 59) ; (iv) a significant CD4 ϩ T-cell depletion in the intestine that can be partially restored during the chronic infection in the presence of an important viral replication (21, 46) ; (iv) low levels of immune activation and apoptosis (8, 13, 22, 40, 41, 44, 46-49, 59, 61) ; and (v) low levels of CD4 ϩ
CCR5
ϩ T cells in blood and tissues (45) . Another major difference between pathogenic and nonpathogenic models of HIV/SIV infections concerns the vertical transmission of the viruses. In HIV-1-infected patients, the risk of HIV-1 perinatal transmission varies widely, ranging from 13 to 48% (15, 19, 69) . The timing and mechanisms of transmission have been intensively studied, with somewhat discrepant results, possibly due to the largely correlative nature of these studies. A substantial proportion of infants acquire HIV infection during the peripartum period (5, 11, 30, 31, 56) . Breastfeeding is independently associated with a doubling of transmission risk (33, 65) , and this risk appears to be related to the maternal levels of plasma VLs (17) . This finding is particularly significant, as it is estimated that in developing countries, 95% of babies are initially breastfed and most children continue to receive some breast-feeding until 6 months of age (39) . The mechanisms regulating HIV-1 transmission through breastfeeding are not yet fully understood; factors such as colostrum intake, feeding practices, nipple pathology, and the presence of mastitis have been proposed, but their roles in virus transmission require further analysis (19) . If the mother seroconverts during postpartum, the transmission rates are particularly high (29%), probably due to high levels of HIV in the breast milk during the primary infection (12) . Recent studies in SIV-infected macaques have demonstrated the importance of viral dynamics for breast-feeding transmission during early primary HIV/SIV infections (2, 3) .
In African NHPs that are natural hosts of SIV, however, the vertical transmission of the virus appears to be negligible. This conclusion is supported by two lines of evidence: the incidence of SIV infection in captive and wild monkeys appears to dramatically increase after the onset of sexual maturity (29, 52) ; and in captive SMs and AGMs, there was no evidence for vertical transmission during prospective studies (16, 43) . However, sequence analyses of wild SMs and captive chimpanzees recently suggested that mother-to-offspring transmission may occur in some rare cases (4, 10, 57) .
Longitudinal studies of SIV transmission in a semifree colony of mandrills in Franceville, Gabon, revealed some intriguing features. First, in this colony, no sexual transmission was found after 16 years of follow-up (9, 14, 18, 38) , which is different from what has been seen with wild mandrills from central Gabon, where cases of SIVmnd-1 infection could be diagnosed in both sexes (63) . Two of the founders of the CIRMF colony had been infected with two different virus types (SIVmnd-1 and SIVmnd-2) (63, 66) . Interestingly, two of the dominant males in the colony became infected with SIVmnd-2, with no observable evidence of sexual transmission of this virus type. Phylogenetic analyses showed that the virus infecting the alpha males was transmissible, since SIVmnd-2 had been transmitted from the infected founder male to four other males, following aggressive contacts for dominance (38, 63) . The other SIV-infected founder was a female naturally infected with an SIVmnd-1 strain that was the source of SIVmnd-1 princeps isolate (strain GB1) (66, 67) . Over a follow-up period of 20 years, SIVmnd-1 GB1 had been transmitted to 4/10 offspring (males and females) of the infected female founder. Moreover, one of the female offspring of the founder females also transmitted SIVmnd-1 to 2/8 (male and female) of her offspring. Altogether, these data suggest that, unlike the findings previously reported for other African NHP hosts of SIV infections, for which vertical transmission does not appear to account for a significant number of cases (16, 43) , vertical transmission may account for some cases of SIVmnd-1 infection in mandrills.
In order to determine if mother-to-offspring transmission of SIVmnd-1 can occur by breast-feeding in mandrills, we performed experimental SIVmnd-1 infections of female mandrills on the day after delivery to facilitate SIVmnd-1 transmission through breast-feeding. In spite of massive viral replication during the primary infection and the detection of high levels of SIVmnd-1 RNA in milk, none of the offspring showed any sign of viral replication after 6 months of follow-up, which corresponds to the lactation period in mandrills.
MATERIALS AND METHODS

Animals and infections.
In order to investigate the possibility of SIVmnd-1 transmission through breast-feeding, six pregnant female mandrills (5I, 12A7, 5J, 12A3, 16C, and 6B) were included in this study. SIV and simian T-lymphotropic virus seronegativity prior to inoculation was demonstrated by Western blotting (New Lav Blot II; Diagnostics Pasteur, Marne-la-Coquette, France; and human T-lymphocyte virus [HTLV] Blot 2.3; Genelabs Diagnostic). All animals were young adults between the ages of 6 and 8 years when the protocol began. Housing and handling were carried out in accordance with Gabonese national guidelines and institutional policies. The day after the delivery, all dames were inoculated with SIVmnd-1. Animals were anesthetized with 10 mg/ml ketamineHCl and were inoculated intravenously with 1 ml of plasma from an acutely SIVmnd-1-infected mandrill, which was adjusted to 300 50% tissue culture infective doses. Stock preparation has been described previously (40) .
Offspring were females (12A7A, 5J1, and 10A1D) and males (5I1, 12A3D, and 16C4). They were monitored monthly by serology and PCR during the follow-up and every 3 months after the completion of this study (at day 180 postinoculation). As dames were infected after the delivery and therefore there was no passive transmission of anti-SIVmnd-1 antibodies from dames to offspring, serology could be used as a diagnostic tool in infant mandrills.
To study CCR5 expression on CD4 ϩ T cells, we included six uninfected infant mandrills from the CIRMF colony in addition to the six infant mandrills from this study. A comparison was done with 23 uninfected adult mandrills from the colony. In addition, samples from uninfected AGMs housed at the Tulane National Primate Research Center were also tested for CCR5 expression on CD4 ϩ T cells: 12 AGMs were less than 4 years old, and 18 AGMs were over 4 years old. Specimen collection. Whole blood (7 to 10 ml) was collected in EDTA-K2 tubes from dames before they were infected (at days Ϫ30, Ϫ15, and 0) and then weekly throughout the first month postinfection (p.i.; days 7, 10, 14, 21, and 28) and monthly for up to 2 months p.i. (at days 28, 32, and 60 p.i.) and then every 2 months (days 120 and 180 p.i.). The same sampling schedule was followed for the offspring, but the volumes were significantly lower (1 to 2 ml). Peripheral blood mononuclear cells (PBMC) were isolated by Ficoll-Hypaque gradient. Fresh PBMC were used for flow cytometry staining. Plasma aliquots were stored at Ϫ70°C.
Milk was collected from dames at days 7, 10, 14, 21, 28, and 180 for VL quantification. The aqueous supernatant fraction of breast milk was prepared by centrifugation of freshly expressed milk at 710 ϫ g for 20 min. The lipid layer was removed and discarded. The remaining supernatant was stored at Ϫ80°C until used. Prior to RNA extraction, the breast milk supernatant was centrifuged at 10,000 ϫ g for 5 min to remove any remaining cells.
Plasma VL quantification. SIVmnd-1 RNA was extracted from 560 l of plasma and 280 to 560 l of breast milk supernatant, using a QIAamp viral RNA mini-kit (Qiagen, Valencia, CA). RNA quantification was performed by a limiting dilution reverse transcription (RT)-PCR assay specific for SIVmnd-1, which was described previously (40), using primers MP5 and MP6, allowing amplification of a 476-bp region within the SIVmnd-1 GB1 pol gene, as previously described (38) . Since the virus used in this study was derived from the SIVmnd-1 GB1 strain, the possibility of mismatches is minimal. SIVmnd-1 RNAs extracted from plasma and milk were subjected to VL quantification using seven 10-fold serial dilutions and RT-PCR (one-step RT-PCR kit; Qiagen, Courtaboeuf, France). RT was performed at 50°C for 30 min in the presence of the primers MP5 and MP6 (38), followed by 47 cycles of 95°C for 15 s, 55°C for 45 s, and 72°C for 1 min, with a final extension of 7 min at 72°C, as previously described (40) . Sensitivity of the limiting dilution RT-PCR assay was 500 copies of SIVmnd-1 per ml.
Nested PCR for SIVmnd-1. In addition to semiquantitative PCR, samples collected from offspring were also tested by nested PCR in order to confirm the lack of infection. DNA was extracted from the PBMCs of the offspring, collected at all the time points using a QIAamp kit (Qiagen, Valencia, CA). RNA was extracted from 280 to 560 l plasma, as described above. Nested PCR was then performed with both DNA and RNA. A 451-bp pol fragment of SIVmnd-1 was obtained by a nested PCR protocol, using primers MP2/MP3 and MP5/MP6, as described previously (38) .
Antibody detection. The dynamics of anti-SIVmnd-1 GB1 antibodies were monitored by an HIV-1/HIV-2 enzyme-linked immunosorbent assay (ELISA) (Genelavia Mixt, Sanofi-Diagnostics Pasteur) and confirmed by a primate immunodeficiency virus (PIV)-specific enzyme immunoassay (PIV-EIA) designed to detect antibodies directed toward the immunodominant region of the gp36 protein and the highly variable region of the V3 loop of SIVmnd-1 GB1 (62). Reactivity was also confirmed by Western blotting (New Lav Blot, Sanofi Diag-nostics Pasteur). Antibody titers to both gp41 and V3 peptide were measured by using a PIV-enzyme-linked immunosorbent assay, as previously described (40, 62) . Twofold serial dilutions from 1/100 to 1/12,800 and from 1/100 to 1 /43,200 were done for each sample tested against the gp36 and V3 peptide, respectively. The cutoff was established at 0.1.
Flow cytometry analysis. EDTA-treated whole blood (100 ml) was stained for flow cytometry analysis employing a whole-blood lysis technique, as previously described (46), using staining combinations with monoclonal antibodies (MAbs): CD3 (clone SP34)-fluorescein isothiocyanate (FITC) or CD3-peridinin chlorophyll A protein (PerCP), CD20-phycoerythrin (PE), CD8 (clone Leu2a)-PerCP or CD8-PE, CD4-allophycocyanin (APC) or CD4 (clone L200)-PerCP, HLA-DR (clone L243)-PerCP, CD28 (clone Leu28)-APC or CD28-PE, CCR5 (clone 3A9)-PE, Ki-67 (clone B56)-FITC (BD Biosciences Pharmingen, San Diego, CA). Cells were incubated with an excess amount of MAbs at 4°C for 30 min, followed by a phosphate-buffered saline wash, centrifugation (400 ϫ g, 7 min), and fixation in 2% paraformaldehyde. CD4 ϩ and CD8 ϩ T-cell percentages were obtained by first gating on lymphocytes and then on CD3 ϩ T cells. Memory, activation, proliferation, and apoptosis markers were determined by gating on lymphocytes and then on CD3 ϩ T cells and finally on CD4 ϩ CD3 ϩ or CD8 ϩ CD3 ϩ T cells. Flow cytometric acquisition and analysis of samples were performed with at least 50,000 acquired events, gated on lymphocytes, on a FACScalibur flow cytometer driven by CellQuest software (BD-Pharmingen). Data analysis was performed using Cell Quest software (Immunocytometry System, Becton Dickinson).
Statistical analysis and data presentation. The flow cytometry parameters of the groups were analyzed for significant differences (P Ͻ 0.05) by using the Mann-Whitney test. Correlations were calculated and expressed as the Spearman coefficient of correlation.
RESULTS
SIVmnd-1 infection in female mandrills. In this study, the animals were followed until day 180 p.i., which corresponds to the lactation period in mandrills. After dames were inoculated with SIVmnd-1 GB1, they all became infected. None of them developed fever, weight loss, lymphadenopathy, or opportunistic infections.
The dynamics of primary SIVmnd-1 infection observed with the dames were very similar to the dynamics of primary SIVmnd-1 infection reported in our previous study (40) . A peak of plasma viral RNA was apparent at day 7 or 10 and ranged from 8 ϫ 10 6 to 10 8 copies per ml of plasma (Fig. 1) , with a rapid post-peak decline of 100-to 1,000-fold and the establishment of a set point for all animals between days 28 and 60 p.i. (Fig. 1) . No significant variations in plasma VLs were noted during the chronic phase. Thus, plasma VLs remained around 5 ϫ 10 4 to 6 ϫ 10 5 RNA copies/ml in all animals between day 60 and 180 p.i., with slight variations (Fig.  1) . These VL levels observed during the chronic phase of experimental infection are similar to those observed in naturally SIVmnd-1-infected mandrills in the wild (48) .
As expected, all animals infected with SIVmnd-1 showed detectable anti-SIV antibodies starting from days 28 and 32 p.i. and maintained a sustained antibody response (data not shown). Similar patterns of reactivity (the appearance of antip26 at day 28 p.i. and the appearance of anti-gp105 by day 32 p.i.) were also observed by using the HIV-2 Western blot antibody detection assay (data not shown). The reactivity against p26 was similar to the anti-gp105 reactivity in this assay. In order to test reactivity directed specifically against SIVmnd antigens, we used the PIV-EIA (62) . Antibodies directed against gp36 of SIVmnd-1 were detected from day 28 to 32 on (data not shown), while anti-SIVmnd-1 V3 antibodies were detected starting from day 32 (data not shown).
Quantitative changes in major lymphocyte subsets were evaluated over time in SIVmnd-1-infected dames. Similar to the results from our previous report (40) ϩ T cells/l) (Fig. 2a) . CD4 ϩ T cells were then rapidly restored, returning to baseline levels by day 60 p.i. (average, 677 Ϯ 70 CD4 ϩ T cells/l; range, 505 to 920 CD4 ϩ T cells/l). While all CD4 ϩ T-cell subsets were somewhat depleted during acute infection (data not shown), significant depletion (P Ͻ 0.0005) occurred only in the effector memory CD4 ϩ T-cell subset (defined as CD4 ϩ CD28 Ϫ T cells) (Fig. 2b) . At the peak of viral replication, the average effector memory CD4 ϩ T cells were 5 Ϯ 1.15 cells/l (range, 2 to 10 cells/l), which corresponds to more than 80% depletion compared to baseline (average, 30 Ϯ 7 cells/l; range, 17 to 52 cells/l) (Fig. 2b) . During the chronic infection stage, the restoration of peripheral effector memory CD4 ϩ T cells was observed. Thus, at day 180 p.i., the effector memory CD4 ϩ T cells were at the baseline levels (average, 27 Ϯ 8 cells/l; range, 11 to 56 cells/l) (Fig. 2b) . No significant changes were observed for CD8 ϩ T cells (Fig. 2c ) and for CD20 cells (Fig. 2d ). During our previous study of primary SIVmnd-1 infection, only a limited immunophenotypic analysis was conducted (40); therefore, here we measured some immune activation parameters. We found that high viral replication during acute SIVmnd-1 infection did not induce any significant increase in the immune activation of CD4 ϩ T cells but was associated with a transient but significant (P Ͻ 0.05) increase in the activation status of CD8
ϩ T cells, as demonstrated by the dynamics of CD4 ϩ DR ϩ (Fig. 3a) and CD8 ϩ DR ϩ T cells (Fig. 3b) . Similarly, a study of T-cell proliferation dynamics did not show a significant increase in the proliferation of peripheral CD4 ϩ T cells and showed only a transient increase in CD8 ϩ T-cell proliferation, as illustrated by the dynamics of CD4 ϩ Ki-67 ϩ (Fig. 3c) and CD8 ϩ Ki-67 ϩ cells (Fig. 3d) . High levels of SIVmnd-1 RNA in breast milk during primary infection of dames. A limited number of samples were available for this analysis, but we collected at least one milk sample from each female mandrill at around the peak of viral replication (days 7 to 14 p.i.). SIVmnd-1 RNA VL in milk ranged from 3 ϫ 10 4 copies (mandrill dame 16C) to 4 ϫ 10 5 copies (mandrill dame 12A7) ( Table 1 ). However, during the chronic phase of SIVmnd-1 infection, VL in milk was below the detection limit (Table 1) . We therefore demonstrated that high levels of cell-free SIVmnd-1 were present in the breast milk from acutely infected female mandrills and that the mandrill offspring were exposed to significant amounts of SIVmnd-1.
Lack of SIVmnd-1 transmission through breast-feeding. No evidence of early SIVmnd-1 breast-feeding transmission from acutely infected mandrill females to offspring was observed during the first 6 months of the study, which roughly corresponds to the lactation period in mandrills, despite the high levels of SIVmnd-1 in milk and the prolonged exposure via breast-feeding. Both serology (data not shown) and nested RT-PCRs with plasma and nested DNA-PCR with PBMCs using different sets of primers failed to provide any evidence of SIVmnd-1 in the offspring (Fig. 4) . Therefore, we concluded that even in the context of high maternal VLs in both plasma and milk, the risk of SIVmnd-1 transmission through breastfeeding is very small in SIVmnd-1-infected mandrills. At the end of the study, the whole group of female and babies were mixed in a large cage for socialization, and then, 6 months later, both females and offspring were released into a semifree enclosure with SIVmnd-1-and SIVmnd-2-infected mandrills. At the time of release, one of the offspring (female 10A1D) seroconverted for SIVmnd-1. During the second year of fol- Ͻ500 Ͻ500 Ͻ500 Ͻ500 180 Ͻ500 Ͻ500 Ͻ500 Ͻ500 Ͻ500 Ͻ500
a Value was determined by semiquantitative (qc) RT-PCR. The limit of detection of the qc RT-PCR was 500 copies/ml of milk.
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LACK OF BREAST-FEEDING TRANSMISSION OF SIVmnd-1 5505 low-up, a second juvenile mandrill (female 12A7A) seroconverted. These two seroconversions might have occurred as a result of offspring being subjected to aggressive behavior from infected females (Jean Wickings, personal communication). Due to the sampling design, very limited information about the dynamics of infection in these two offspring is available.
Lack of CCR5 expression on CD4
؉ T cells may represent a potential mechanism behind the lack of breast-feeding transmission during SIVmnd-1 primary infection. Previous studies by our group reported a paucity of CCR5 ϩ CD4 ϩ T cells in natural NHP hosts of SIV (45) . Therefore, we determined if low levels of CCR5 ϩ CD4 ϩ T cells in offspring might be associated with this lack of vertical transmission in natural hosts. We compared the levels of CCR5 expression on CD4 ϩ T cells among uninfected young and adult mandrills and AGMs. As shown in Fig. 5 , we found a significantly lower expression of CCR5 on the CD4 ϩ T cells of suckling mandrills and young AGMs than on those of adults (Fig. 5a) . Thus, the CCR5 expression on CD4 ϩ T cells was significantly lower in suckling mandrills (0.249% Ϯ 0.13%) than in adult animals (2.73% Ϯ 0.31%; P Ͻ 0.0005). During the breast-feeding period, CCR5 levels in the two offspring that were infected after the completion of this study were in the same ranges as those of uninfected offspring (data not shown). In order to confirm that this lower CCR5 expression on CD4 ϩ T cells of young African NHPs is a general feature of natural hosts of SIVs, we performed this analysis with another host that is naturally infected with SIV, the AGMs. Again, the CD4 ϩ T cells from adult AGMs had higher expression levels of CCR5 (4.9% Ϯ 2%) than those of younger AGMs (1.7% Ϯ 0.8%; P Ͻ 0.01) (Fig.  5b) . Conversely, although in newborn macaques the levels of CCR5 expression on CD4 ϩ T cells is very low, by 6 months of age, there are no significant differences in CCR5 expression on CD4 ϩ T cells between the infant and adult macaques (Ronald Veazey, personal communication). It should be noted that the CCR5 ϩ CD4 ϩ T-cell levels in adult NHP African hosts of SIVs are already low compared to that of species that are progressing to AIDS, such as rhesus macaques (45) . We therefore suggest that this low expression of target cells might be responsible for the observed lack of breast-feeding transmission of SIV in natural hosts.
DISCUSSION
In this study we report that in SIVmnd-1-infected mandrills, there is no evidence of breast-feeding transmission. Our experimental results are in agreement with previous epidemiological data reporting a lack of vertical transmission of SIVs in their natural African NHP hosts (16, 42) . We designed our study to maximize the opportunity of mother-to-offspring transmission of SIVmnd-1 by inoculating the dames after the delivery and observing the effects of high levels of virus replication (in both plasma and milk) on the risk of transmission via breast-feeding. As such, our experimental system created the worst-case scenario, with ample opportunities for transmission. However, at the end of lactation period, we did not observe SIV infection in any of the offspring of dames included in this study. This result is surprising for two reasons. First, by quantifying the SIVmnd-1 RNA loads in milk, we have shown that high amounts of replicative virus were present in milk concomitantly with the primary infection. Second, VL levels during the chronic infection were also of orders of magnitude higher than in HIV-1-infected patients, in whom breast-feeding transmission occurred in a high proportion of cases. Thus, in HIV-1-infected patients, the rates of breast-feeding transmission are related to the VLs, with transmission rates particularly high (29%), when primary infection occurs during the lactation period (12) .
Due to the very low amounts of collected milk, we were unable to quantify the amounts of cell-associated SIVmnd-1 provirus in milk. The same limiting factor prevented us from testing whether or not the virus present in milk (and quantified in this study) was infectious. This is a major limitation of our study, since previous studies reported that there is a direct correlation between the amount of cell-associated virus and the rates of breast-feeding transmission in humans (28, 54, 55) .
Why these high levels of SIV replication in natural African NHP hosts do not result in breast-feeding transmission is not known. However, one of the potential explanations relies on the low number of target cells observed with these species. We have recently shown that natural hosts for SIV infection express remarkably low levels of CCR5 on CD4 ϩ T cells isolated from blood, lymph nodes, and mucosal tissues (45) . As this immunological feature is found in all of the African natural NHP hosts of SIV but absent in four nonnatural/recent hosts (i.e., humans, macaques, and baboons), we proposed that the low levels of CD4 ϩ CCR5 ϩ T cells in natural SIV hosts represent a key feature of the coevolution between the virus and its natural hosts that led to a nonpathogenic infection (45) . In our original publication, we concluded that beneficial effects of low CCR5 expression on CD4 ϩ T cells might include the reduction of target cells for viral replication and/or a decreased homing of activated CD4 ϩ T cells to the mucosal tissue. Our present data suggest that the reduced number of target cells may also help to prevent the breast-feeding transmission and possibly mucosal transmission in general. This conclusion is supported by observations with another African NHP species, the African green monkeys, in which there is a statistically significant lower expression of CCR5 on CD4 ϩ T cells in juvenile monkeys than in adults (Fig. 5b) . In AGMs, there is a significant increase in CCR5 ϩ CD4 ϩ T-cell expression at sexual maturity, which is strongly associated with increases in SIVagm prevalence (29, 52) . In humans and rhesus macaques, the percentage of CD4 ϩ CCR5 ϩ cells is also very low in cord blood and infants but increases significantly with age, to levels comparable to those observed with adults by the end of the lactation period (58) (R. Veazey, personal communication). This observation may explain recent studies of macaques in which breast-feeding transmission occurred late during the lactation period (27) , in agreement with the observation that human cord blood cells are preferentially infected by R5 isolates (53) . We concluded that this low expression of target cells might be responsible for the observed lack of breast-feeding transmission in mandrills.
Our previous report of primary SIVmnd-1 infection investigated only the dynamics of major T-cell populations (40) . Since recent data suggested that one of the most significant differences between pathogenic and nonpathogenic lentiviral infections in humans and NHPs may depend on the levels of immune activation (41, 44, 48, 60, 61) , in the current study, we extended our previous data on the dynamics of primary SIVmnd-1 infection in mandrills (40) . We confirmed that SIVmnd-1 replicated at high levels during the chronic phase of infection in all infected dames and that the active viral replication does not result in a chronic loss of CD4 ϩ T cells. Moreover, here we have extended the previous data and showed that chronic SIVmnd-1 infection is characterized by a limited immune activation and T-cell proliferation in peripheral blood.
In conclusion, our study shows that in spite of the presence of large amounts of SIVmnd-1 RNA in milk and therefore of a large exposure of offspring to SIVmnd-1, no transmission was detected in mandrills during the breast-feeding. As we observed very low levels of CCR5 ϩ CD4 ϩ T cells that are maintained throughout the lactation period in young African NHPs, we propose that this immunological feature may represent a factor that protects these animals from breast-feeding transmission of SIV. In this regard, the current work supports the idea that previously described low levels of CCR5 ϩ CD4 ϩ T cells in natural hosts of SIV may represent a major host adaptation to prevent vertical transmission, in spite of high prevalence levels of SIV infection in the wild. These results are highly significant for the control of mother-to-infant transmission of HIV, pointing to a major prevention approach of one of the main mechanisms of HIV transmission.
